A few biochemical activities of SCE-963, a new cephalosporin with potent antibacterial activities against gram-negative bacteria, were compared with those of several currently available cephalosporins against strains of Escherichia coli K-12. The minimum inhibitory concentrations of SCE-963, cefazolin, cephaloridine, cephalothin, and cephalexin were 0.2, 1.56, 3.13, 12.5, and 25 ,ug/ml, respectively. Affinities of these cephalosporins for the penicillin-binding protein (PBP) 1B of E. coli correlated well with their antibacterial activities; among tested cephalosporins, SCE-963 showed the highest affinity for PBP 1B. inhibited cross-linking of peptidoglycan in a cell-free system -the most strongly suggesting that this inhibition results from its high affinity for PBP 1B. also showed the highest affinity for PBP 3; it caused filamentation of cells over a wide range of relatively lower concentrations. Thus its superior antibacterial activity is believed to be manifested through its high affinity for the PBPs. Fig. 1 SCE-963, cefazolin (CEZ), cephaloridine (CER), cephalothin (CET), and cephalexin (CEX) were compared with respect to (i) antibacterial activity, (ii) lytic action and morphological effect, (iii) effect on macromolecular synthesis, (iv) inhibition of peptidoglycan synthesis, (v) inhibitory effect on the cross-linking of peptidoglycan in a cell-free system, and (vi) affinity for PBPs, utilizing various strains of E. coli K-12.
razol-5-yl]thio) methyl)-ceph-3-em-4-carboxylic acid; Fig. 1 (11, 12, 15) to assay penicillinbinding proteins (PBPs) of Escherichia coli has provided a useful means to evaluate the mechanism of lethal actions of f8-lactam antibiotics. Diverse morphological alterations induced by f8-lactam antibiotics have been explained by their affinities for PBPs 1, 2, and 3. To our knowledge, however, correlations have not been reported between the affinities of 8B-lactam antibiotics for the PBPs and their minimum inhibitory concentrations (MICs).
SCE-963, cefazolin (CEZ), cephaloridine (CER), cephalothin (CET), and cephalexin (CEX) were compared with respect to (i) antibacterial activity, (ii) lytic action and morphological effect, (iii) effect on macromolecular synthesis, (iv) inhibition of peptidoglycan synthesis, (v) inhibitory effect on the cross-linking of peptidoglycan in a cell-free system, and (vi) affinity for PBPs, utilizing various strains of E. coli K-12.
MATERIALS AND METHODS Bacterial strains. The following E. coli K-12 strains were used. E. coli Y10 (thr-1 leu-6 thi-1 supE44) (4), obtained from T. Kamiryo of Kyoto University, was the source of particulate enzyme for peptidoglycan synthesis in a cell-free system. E. coli LD-2 is a lysine and meso-diaminopimelic acid (DAP) auxotroph derived from E. coli Y10 in our laboratories by treatment with N-methyl-N'-nitro-N-nitrosoguanidine (1) followed by replica plating. This mutant incorporates radioactive DAP specifically into the peptidoglycan of cell walls. 10 Assay of PBPs. The procedure reported by Spratt (12) was followed with some modifications. PBPs of E. coli KN126 were fractionated by a gel system which enables the separation of PBP 1 into 1A and 1B (14) . The PBPs were quantitated by densitometry of X-ray films with a TLC scanner (Shimadzu CS 910 Concentration(pg/ ml) 10 ,ug/ml, whereas CET did so only at 100 ,ug/mil (Fig. 3) . CEX had no effect even at 100 ,g/ml.
The lytic action of SCE-963 was less than expected from its antibacterial activity, suggesting that the mode of action of SCE-963 is somewhat different from that of CEZ or CER. The capacity of SCE-963 to induce filamentous cells was greater than that of the other cephalosporins; cells were elongated up to 10 to 20 times and 40 times the length of normal cells at 0.1 and 1 ,ug/ml, respectively; after a 3-h incubation, CEX induced the formation of filamentous cells of up to 10 times and 15 times the length of normal cells at 10 and 100 ,ug/ml, respectively. CEZ and CET changed rods to elongated forms at 1 and 10 lOg/ml, respectively. Filamentation did not occur with CER at any tested concentrations. At concentrations where lysis occurred, there appeared the ghosts of rod-shaped cells. These results paralleled the inhibition of peptidoglycan synthesis (see Fig. 2 ).
Inhibition of cross-linking of peptidoglycan in a cell-free system. Particulate enzymes of E. coli Y10 synthesized highly cross-linked (52.4%) peptidoglycan under our assay conditions. Among the cephalosporins tested, SCE-963 was the most effective inhibitor of crosslinking (Fig. 4) . The order of the inhibitory activities of the cephalosporins for cross-linking roughly paralleled that of their antibacterial activities, suggesting a correlation between these two activities.
Affinities of cephalosporins for PBPs and their correlation with antibacterial activity. Figure 5a shows the competition of increasing concentrations of SCE-963 for ["4C]benzylpenicillin binding to PBPs of E. coli KN126. Figure 5b shows the quantitated data obtained by densitometry. Affinities of other cephalosporins for PBPs were determined in the same way. Table 1 shows their 15o for PBP 1A, 1B, 2, 3, 4, and 5/6. All the cephalosporins tested had highest affinities for PBP 1A. The function of PBP 1B, however, has been reported to compensate that of PBP 1A (14, 17, 18) . Consequently, the concentration required to prevent the total function of PBP 1 would actually correspond to that of PBP 1B. Besides, PBP 4 and 5/6 have been pointed out to be nonessential for normal growth of E. coli (3, 7, 17). As a result, one or all of the other PBPs, i.e., PBP 1B, 2, and 3, seem likely to be the targets of the cephalosporins involved in their antibacterial activities. The kinetics of saturation of PBP 2 were biphasic with SCE-963, CER, and CET, and there was no feasible correlation between 1ios for this PBP and MICs of these cephalosporins even with the higher or the lower I50. Figure 6 illustrates the relationship between Ios for PBP 1B and 3 and MICs of these cephalosporins. There was a striking correlation between Iss for PBP 1B and MICs and some correlation between I50s for PBP 3 and MICs. SCE-963, the most potent cephalosporin, showed the lowest Isos for both PBP 1B and 3. Figure 7 (Fig. 2) . Generally, inhibition of peptidoglycan synthesis occurred at higher concentrations, when cephalosporins lysed E. coli cells, but not at lower concentrations, when they prevented only cell division. SCE-963 induced formation of extremely long filamentous cells over a wide range of lower concentrations. These morphological alterations of E. coli can be explained by the high affinity of SCE-963 for PBP 3, which is involved in cell division (11, 13) .
Among tested cephalosporins, SCE-963 was the most effective inhibitor of cross-linking of the peptidoglycan in a cell-free system (Fig. 4) . The order of the inhibitory activities of tested cephalosporins followed their affinities for PBP 1B. Tamaki et al. demonstrated that PBP 1B may be one of the essential enzymes involved in polymerization and cross-linking of the peptidoglycan in a cell-free system (18) . The minor components of PBPs, i.e., PBP 1 consisting of 1A and 1B, 2, and 3, have been shown to be essential for cell elongation, cell shape, and cell division, respectively, and to be possible targets of fB-lactam antibiotics (11), while the major ones, i.e., PBP 4 and 5/6, are not indispensable for normal growth of E. coli (3, 7, 17) . Furthermore, the functions of some PBPs have been reported to compensate each other (14, 17, 18) . In this study, all of the cephalosporins tested showed the highest affinities for PBP 1A (Table 1) . Their antibacterial activ-VOL. 15, 1979 on June ities, however, may not directly reflect their affimities for PBP 1A, since PBP 1B makes up for the defect of the function of PBP 1A (17, 18) . Consequently the concentration required to prevent the total function of PBP 1 would correspond to that of PBP 1B. This presumption is supported by: (i) the existence of a striking correlation between I50s for PBP 1B and MICs of the cephalosporins (Fig. 6) , and (ii) the high sensitivity of mutants defective in PBP 1B to cephalosporins (17 (Fig. 6 ). This discrepancy may be due to the fact that the assay of PBPs was performed in the absence of permeability barriers, while the MIC was determined on intact cells (12) . It has been pointed out that the permeability of CET is much poorer than that of several other cephalosporins in E. coli (19) and Proteus vulgaris (10) . Therefore, an experimental system must be developed that Table 1 
